Background Undernutrition is associated with an increased risk of death among young children in developing countries. Infant and child nutritional status and mortality were monitored in a rural area of Casamance, Senegal.
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children in developing countries, [10] [11] [12] strongly suggesting that a reduction in malnutrition could have a major impact on survival of these children.
Conversely, a reduction in mortality is not necessarily associated with a decrease in the prevalence of malnutrition. Some studies have reported a persistent high prevalence of malnutrition despite significant decreases in infant mortality and in the prevalence of infectious diseases. 13 The objective of the present study was to analyse the trend in nutritional status of young children during a 24-year period in a rural area of Senegal where drastic reductions in mortality and fertility rates were observed during this period of time. 14 
Methods

Study design
An analysis of weight data recorded by Catholic nuns through a growth monitoring programme operating since 1969, compared with mortality data on children Ͻ5 years of age in a Senegalese population which has been under yearly demographic surveillance by The French National Institute of Demographic Studies (INED) since 1985.
Study area and population
The study was conducted in a rural community near Ziguinchor in Casamance, southern Senegal (7591 inhabitants on 1 January 2000). Characteristics of the study area have been published previously. 14 Since 1961, French Catholic nuns who are also professional nurses have been in charge of a private dispensary located in the village. This dispensary delivers permanent, high quality service and is well-attended.
Demographic surveillance
Following a population census in 1984-1985, demographic events and causes of death have been monitored yearly. During the initial census, all women were interviewed concerning the birth and survival of their children. Since 1985, yearly censuses, usually conducted in January-February, have been recording demographic data, including all births, deaths, and migrations. The completeness and accuracy of dates of birth and death are cross-checked against those of registers of the local maternity ward (Ͼ95% of all births) and dispensary (all deaths are recorded, including those occurring outside the area), respectively. The total fertility rate decreased from 5.9 live-born children per woman in 1985-1989 to 3.7 in 1995-1999. 15 
Growth monitoring programme
In April 1969, a growth monitoring programme was initiated in the village as part of the National Programme for Nutrition in Senegal (PPNS), supported by Cathwell, a North American nongovernmental organization. Children were followed up monthly from 3 months of age until 5 years (3 years since 1985). A financial contribution was requested at each session (50 FCFA until 1989, and thereafter 100 FCFA, i.e. 0.31 euros). The mothers received powdered milk, vegetable oil, sorghum, and wheat flour. In 1989, the national growth monitoring programme was stopped, but in this area the nuns continued weighing sessions. However, food was no longer provided.
During sessions, the nurses provided nutrition education messages (i.e. no complementary food prior to 3-4 months postpartum, preparation of high-energy and nutrient-dense infant gruels using local foods), and advice on illness management (oral rehydration during diarrhoea), and hygiene (well and waterjar disinfection, construction of pit-latrines). From 1975, they also distributed free chloroquine during the transmission season (May-November) for prevention and early presumptive treatment of malaria. From approximately 1985, chloroquine was no longer free, but was sold during sessions. 16 Mothers who brought their ill child to the dispensary for diagnosis and treatment were expected to attend growth monitoring as usual.
Anthropometric data
During the sessions, children were weighed wearing light clothes on a Healthometer weighing scale with a precision to the nearest 10 g. The register also contained information concerning identity (name, sex, date of birth) and address, but not dates of weighing sessions. Only the calendar month and year of the first weighing session were noted for each child. All weights were plotted on growth charts kept by the mothers.
The children were not called in for growth monitoring. Villages and hamlets in the rural community were divided into eight groups, each of which was attributed a specific day during the month for sessions (group 1, the first Thursday of each month; group 2, the Tuesday of the second week, etc), so that each mother knew when to attend.
Data management
Data entry used the original registers of the programme. All weight measurements taken 1969-1994 were entered. Dates were estimated using monthly calendars of sessions, and were attributed to children on the basis of their address. The first Thursday of each month was considered the 4th day (from the 1st to the 7th), the Tuesday of the following week was the 9th day, etc. Dates were thus precise to ±3 days.
The birth date, sex, and address reported in the register were cross-checked against those noted during demographic surveillance. All weight gains or losses of Ͼ1 kg over a one-month period were investigated. Thereafter, weight-for-age was computed according to the NCHS/WHO reference 2 using Anthro (CDC, Atlanta). Weight-for-age indices above +3 or below Ϫ6 z-scores were considered unreliable and excluded from the analyses.
Subjects
A total of 4636 children born 1967-1992 were weighed at least once from 1969 to 1994 between the ages of 3 and 24 months. Ninety-one had an unknown date of birth, 9 had unknown sex or address, 21 had an unknown date at first weighing; 578 had discordant information (on sex, birth date, or address) when comparing registers and demographic data files, and 25 had unreliable weight-for-age at some time point. Therefore, 3912 children (1983 boys and 1929 girls) were available for the analysis. Mean weights of children with discordant information did not differ from those of included children (data not shown).
Analysis
Nutrition data
Infants aged 0-2.9 months were not a target group for the programme and, from 1985, 3-5 year olds were not a target either.
Since preliminary analyses showed that attendance of 24-36 month olds became poor from 1989 (data not shown), the analyses presented here are restricted to 3.0-23.9 month old children.
Coverage of the growth monitoring programme was computed as the number of children who had attended the programme during the month of February divided by the number of resident children who were not travelling or on migration during that year's census. It was computed for 1985-1992 only, since the numbers of resident children were not known for earlier periods.
Frequency of participation in the growth monitoring programme was evaluated through the number of sessions attended per child, for children born in 1970 and later (n = 3642).
The change in nutritional status over time was estimated, first, through the trend over all years of follow-up, and second, through the trend over three cohorts of year of birth, determined prior to the analysis: 1969-1974, 1975-1984, and 1985-1992 . Weight-forage was examined at various ages: average of measures during second half of infancy (6-11 months) and during the second year of life (12-23 months), respectively, and at two target ages (i.e. 9 and 15 months). For children with missing weight at the target age, weights during the preceding or following month were used.
Mortality data
Mortality rates were computed for infancy (0-11 months, 1 q 0 ), childhood (12-59 months, 4 q 1 ) and under-5s (0-59 months, 5 q 0 ), together with rates for yearly age intervals beyond infancy ( 1 q 1 , 1 q 2 , 1 q 3 , and 1 q 4 ). For an age interval (x, x + n), x q n is the probability for a child alive at age x of dying between age x and age x + n, expressed per 1000 children alive at age x. The probabilities were computed using maternal recall, conducted in 1984-1985, for 1960-1985 , and yearly censuses since 1985.
The analyses used BMDP and SAS. Differences were considered significant for P-values Ͻ0.05.
Results
Participation in the growth monitoring programme
From 1985 to 1992, the average coverage of the programme during the month of February was 88% for infants aged 3-11 months, and 90% for 12-23 month old children, respectively, (Table 1) .
Overall, 55 707 reliable measurements were available for the analysis. From 3 to 24 months of age, the mean number of sessions attended was 14.9 (i.e. 71%) and the median was 17. These figures, however, include children who had died or moved out of the area prior to 24 months. Children still participating in the programme at 13-15 months of age attended on average 82% of sessions during infancy, while those still in the programme at 22-24 months of age attended 87% of sessions from 12-21 months.
Nutritional status by age
Mean weight-for-age z-score decreased with increasing age up to 15 months for all three cohorts/time periods (Figure 1) . Mean z-scores were positive at 3 months of age, decreased sharply until age 10 months, and then decreased more gradually until a minimum of Ϫ1.60 (SD: 0.95) z-scores.
The prevalence of underweight peaked at 15 months, at 33.2% (95% CI: 31.5, 34.9, n = 3086 b Coverage may exceed 100% if some children attending growth monitoring left the area just prior to census or returned from migration immediately after census.
Figure 1
Mean weight-for-age by child's age for three cohorts (1969-1974, 1975-1984, and 1985-1992 , respectively) in a rural area of Casamance, Senegal
Change in nutritional status over time
Mean weight-for-age did not exhibit any clear linear trend over the 24 years of follow-up, whatever the age group considered (Figure 2 ). However, all means varied significantly over the three time periods (Table 2) , with slightly higher levels during the first period. The prevalence of underweight at 15 months was lower 1969-1974 than during the two following periods: 18.0% versus 22.2 and 22.7%, respectively, at 9 months of age (P = 0.028), and 28.6% versus 34.6 and 34.9%, respectively, at 15 months (P Ͻ 0.01).
At 15 months of age, a significant interaction between the time period and season was observed, that is, seasonal variations in mean weight-for-age were slight during the first period (i.e. 1969-1974) and became wider afterwards (P for interaction Ͻ0.01, Table 3 ). From 1975 the children's nutritional status was particularly poor from October to December.
Change in mortality over time
Mortality rates for preschool children and for yearly age groups are given in Table 4 . Strong negative trends existed in all age groups. However, from 1990 to 1995 mortality rose slightly in most age groups.
The difference in trends between mortality rates and the prevalence of underweight is illustrated in Figure 3 .
Discussion
The main finding of this study was a decrease in mean weightfor-age of young children in a rural population over a 20-year period , despite intense growth monitoring in a highly available, smoothly functioning health system, and an impressive decrease in 0-5-year mortality.
The nutritional status of young children in this community was not significantly different from that of 12-23 month old Senegalese children in the Demographic and Health Survey First year: 3.0-11.9 months of age.
Second year: 12.0-23.9 months of age. a (SD, n).
b The strong variation in sample size by season was due to seasonal variations in birth rates (data not shown).
Two-factor ANOVA: P for differences among the three time periods ϭ 0.04; P for differences among the four seasons Ͻ0.001; P for interaction between time period and season Ͻ0.01. 3). 17 Furthermore, average weight-for-age from 3 to 24 months of age was remarkably similar to that of young children from 23 African countries, measured in 1987-1997. 18 The tendency towards better nutritional status during the last 3 years of follow-up was unexpected, because no major changes in the health system, socioeconomic status of the community, or otherwise were identified. However, since attendance at growth monitoring sessions decreased from 1990 among 12-24 month old children, probably due to the arrest of food distribution, this apparent improvement may be due to a selection bias.
Seasonal differences in mean weight and the prevalence of underweight became significant starting in 1975. This finding was also unexpected, since malaria morbidity is thought to be at least partially responsible for seasonal variations in the nutritional status of young children in sub-Saharan Africa, 19, 20 and the nurses began a malaria control programme in 1975. The phenomenon of seasonal migration of unmarried mothers and their children to the city is unlikely to explain the observed decrease in weight-for-age during the malaria transmission season (from July-September to October-December), since migrations of women take place from December to July. 15 One possible limitation of the study was that it used growth monitoring data for the purpose of nutritional surveillance. 21 A high level of coverage is a critical requirement for this purpose in order to avoid self-selection biases among attending children. Fortunately, the coverage of the programme was above 90% from 1985 to 1990 and, according to the nurse in charge, at least as high during earlier years. 16 Another methodological issue is that the strong reduction in mortality among infants and young children probably preferentially benefitted malnourished children and may thus have led to a higher prevalence of underweight. This 'survivor bias' is usually small, but may be substantial in populations with a decrease in mortality rates Ͼ50-100 per 1000, as is the case here. 22 However, this bias would mainly affect older children, and we found no improvement in weight-for-age, even during infancy.
Mortality of preschool children was estimated using two different methods, i.e. maternal recall up to 1985 and yearly census thereafter. The recall method is subject to bias because women who died cannot be included. If risks of death of children are correlated with those of their mothers, child mortality rates for the years 1960-1985 may have been underestimated, and thus secular trends are perhaps even more pronounced than those given here. Rates differ slightly from previously published estimates because we computed them by periods rather than by birth cohorts. 14 The observed increase in mortality between 1985-1989 and 1990-1994 is probably explained by increased malaria mortality, due to plasmodium resistance to chloroquine. 23 Indeed, the average annual mortality rate from malaria increased from only 0.4 per 1000 preschool children in 1985-1989 to 5.5 per 1000 in 1993-1995, using verbal autopsy. 23 Growth monitoring programmes were considered an important component of primary health care in less-developed countries during the period under study, but became an object of severe criticism from the late 1980s due to reports of errors in weighing, charting weights and interpretation of growth curves, [24] [25] [26] lack of action in case of insufficient weight or weight gain, 27 and insufficient nutritional education of mothers during sessions, partly due to time constraints. 25, 27 For this programme, the high level of qualification and motivation of the nurses led us to hypothesize that the technical quality of sessions was high. But the intensity and quality of nutritional education performed during sessions were not assessed. a For an age interval (x, x + n), the probability for a child alive at age x of dying between age x and age x + n, expressed per 1000 children alive at age x.
The probabilities were computed using maternal recall, conducted in 1984-1985, for 1960-1985 , and yearly censuses since 1985. b Number of deaths/population at risk (in brackets). The nurses consider that the nutritional status of young children has improved since 1969. 16 One possible explanation is that the prevalence of severe clinical malnutrition (marasmus, kwashiorkor) did indeed decrease, but the prevalence of stunting remained unchanged. Unfortunately, no height measurements were available to test this hypothesis.
However, the impressive reduction in mortality over this period of time may be at least partly due to the growth monitoring programme. Diarrhoea, respiratory infectious diseases and malaria are among the main child killers in developing countries, together with measles and neonatal tetanus. 12 Nurses used the sessions to detect, investigate, and treat children suffering from diarrhoea, fever, cough, and helminthiasis and to educate mothers about the efficacy of early home-based presumptive chloroquine administration and about the importance of prompt health care seeking for ill children. 15 Thus, growth monitoring was perhaps more successful in promoting health than in favouring growth in this community. Although similar progress in health and survival may be achievable without growth monitoring, it would require another inducement for mothers to bring their young children to dispensaries each month.
The observations reported here seem to be in contradiction with those of a recent analysis of data from 59 developing countries. 28 Indeed, national or sub-national decreases in the prevalence of underweight were significantly associated with decreases in child and under-5 mortality in all parts of the developing world. However, sub-Saharan African countries experienced a lower decline in mortality and, on an average, their prevalence of underweight increased slightly. 28 Thus, there are several similarities between findings from our case study in a small West African population with unusually efficient health services and findings at the continental level.
In conclusion, the rapid transition towards lower levels of childhood mortality observed in this rural area of Casamance, Senegal was not concomitant with any improvement in young children's nutritional status. Other types of intervention are needed to significantly improve growth of infants and young children in this and similar African communities.
